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Management 
Wool and meat traits in Merino flocks in different 
regions 
K.G. Geenty1, A.A. Swan1, A.J. Smith1, J.L. Smith1  Sheep CRC and CSIRO 
Livestock Industries, Armidale 
ABSTRACT 
Wool and meat traits including fibre diameter profiles were measured in 15 fine wool Merino flocks in 
four different climatic regions.  Genetic parameters for the traits were generally favourably positive 
apart from an undesirable positive correlation between eye muscle depth and fibre diameter.  Fibre 
diameter profiles showed greatest variation in WA where average staple strength was lowest, and 
least variation in northern NSW where average staple strength was greatest.  Improvement in staple 
strength could be made through selection for lower CV of fibre diameter and/or through feeding and 
management to flatten profiles. 
AIMS 
To determine characteristics and opportunities for improvement in wool and meat traits in 15 fine wool 
Merino ram breeding flocks in four different climatic regions. 
METHOD 
The data analysed with up to 4459 observations for each trait were from 15 flocks in Northern NSW 
(5), South Australia (2), Southern NSW (4), and West Australia (4).  Measurements on the progeny of 
148 sires included greasy fleece weight (GFW), fibre diameter (MFD), CV of fibre diameter (FDcv), 
staple strength (SS), maximum minus minimum fibre diameter (FDdiff) from OFDA2000, body weight 
(WT) and ultrasound eye muscle (EMD) and fat depth (FAT).  Average fibre diameter profiles within 
flocks were plotted by the method of G. Mata (unpublished). Flock means, heritabilities and genetic 
correlations were estimated in multivariate analyses using ASReml (Gilmour et al, 2006).  Genetic 
effects were fitted in sire models, and animal permanent environmental effects were included for traits 
where there were significant numbers of repeated records (WT, EMD and FAT).  Numbers of 
observations for each trait are shown in Table 1. 
RESULTS 
Ranges in flock means with phenotypic and genetic parameters in Table 1 show large variation 
between flocks and relatively high positive correlations between wool and meat traits and heritabilities 
in comparison with Safari and Fogarty (2005) and Huisman and Brown (2005).  There was some 
antagonism with EMD positively related to MFD while FDcv showed a good relationship with SS. 
Table 1: Ranges in flock means (Range), phenotypic variances (Variance), and genetic parameters 
for wool and meat traits: Heritabilities in bold on diagonal and genetic correlations below diagonal. 
Trait GFW MFD FDcv SS FDdiff WT EMD FAT 
Units (Kg) (micron) (%) (N/Ktex) (micron) (Kg) (mm) (mm) 
No. obs. 3513 3989 3985 3809 3365 5719 4459 4459 
Range 1.7 – 5.4 15.2 - 19.2 16.7 - 21.9 24 - 57 1.5 - 5.2 32 - 67 17 - 28 1.1 – 3.6 
Variance 0.4 1.3 4.7 84 0.9 22 3.6 0.2 
GFW 0.61        
MFD 0.40 0.57       
FDCV -0.17 -0.23 0.35      
SS 0.16 0.27 -0.54 0.41     
FDdiff 0.35 0.48 0.39 -0.12 0.24    
WT 0.55 0.20 -0.39 0.04 -0.15 0.54   
EMD 0.45 0.39 -0.43 0.15 -0.21 0.64 0.25  
FAT 0.23 0.31 -0.39 0.13 -0.15 0.67 0.73 0.14 
Figure 1: Fibre diameter profiles for ewe and ram yearlings/hoggets in the 15 flocks in four climatic 
regions (note that both ewe and ram groups were represented in many of the flocks). 
Fibre diameter profiles for the ewe and ram yearlings or hoggets are shown in Figure 1.  There was 
least variation in MFD in northern NSW and most in WA with southern NSW and SA intermediate.  
Means for these regions respectively for FDdiff (mm) and SS (N/ktex) were 2.1 and 47, 3.7 and 32, 2.9 
and 39, and 3.2 and 33.  
CONCLUSION 
The positive correlations between wool and meat traits, along with relatively high heritabilities, means 
breeders in these fine wool flocks can make good genetic progress generally without antagonisms. 
However there is the consequence that wool becomes broader with selection for muscling.  In 
agreement with previous studies (Huisman and Brown) genetic improvement for staple strength is 
possible using FDcv.  Feeding and management measures to flatten fibre diameter profiles, 
particularly in WA, may result in higher SS, but with the possible adverse effect of increasing MFD. 
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Fat score or Condition score? -  It all depends on what 
you want to do!  
Chris Oldham, Department of Agriculture and Food Western Australia 
ABSTRACT 
Condition score (manual assessment over the short ribs; score 1 is thin and 5 is very fat) and fat score 
(manual assessment over the long ribs at the GR site; estimated tissue depth in mm) are both used by 
industry to assess the fatness and condition of sheep for management and marketing, and there is 
debate and confusion over the relative merits of the different methods of assessment. In this 
experiment we measured condition score, fat score and C-site ultrasound fat and C-site ultrasound 
eye muscle depth were recorded for a group of 92 live Merino sheep in 6 months wool (45 young and 
47 mature). All scores and measurements were done by two to four experienced assessors and 
repeated three times (runs) in a random order. The sheep were then slaughtered at an abattoir where 
the tissue depth at the GR site over the 12th rib (fat + muscle) was recorded on the hot carcass.  
The repeatability or precision of all operators was very high (≥ 0.90). However, in the case of fat score 
where estimated GR tissue depth could be compared with actual GR tissue depth measured on the 
carcass, only one assessor was accurate. The fat scores of this assessor (average of 3 runs) 
explained 88% of the variance in the average condition score of the sheep (4 assessors x 3 
replicates).The relationship between estimated GR and condition score was not linear and in the 
condition score range of 2 to 3, which is considered to be critical for the management of commercial 
flocks of Merino ewes, there was very little variation in GR tissue depth (1 to 5 mm). Future 
recommendations for management of Merino ewe flocks should be framed in terms of condition score 
targets rather than fat score.  
AIMS 
Condition score (CS) relates to the tissue cover (fat + muscle) as manually palpated over the loin 
(short rib) area of sheep. Whereas fat score (FS) relates to the tissue cover (fat + muscle) as manually 
palpated over the 12th rib (1st long rib from the short loin) at the GR site, approximately 110 mm from 
the vertical processes of the spine. Traditionally, CS has been used to estimate the ‘energy status’ or 
‘nutritional well-being’ of adult ewes (Russell et al. 1969, J. agric Sci. Camb.72, 451-454; Feeding 
standards for Australian livestock, Ruminants p 58-68). FS was also promoted by programmes such 
as Prograze as also being a suitable tool for assessing nutritional well-being. It has also been used to 
help estimate the yield of lean meat (%) of young sheep being marketed for meat; whole scores are 
related to 5 mm ranges in total tissue (fat + muscle) at the GR site over the 12th rib (see Fat Score on 
NSW DPI website). 
During the MLA Prime Time Roadshows in 2004 it became very clear that both academics and 
producers were confused with respect to the pros and cons of the 2 approaches to estimating fatness.   
This confusion was also reflected in the results from a survey of 2100 sheep producers across 
Australia which indicated that most producers use both methods to assess the condition of 
reproducing ewes (Ian Rose, ‘Lifetime Wool’, EC298, unpublished). 
 
Hence, MLA commissioned an experiment to establish; 
1. The relationship between CS and FS in both adult and young Merino ewes as assessed by 
skilled industry recognised assessors.  
2. The relationship between subjectively assessed CS, FS and objectively measured C site fat and 
eye muscle depth in the live animal and measured GR site tissue depth in the hot carcass. 
METHOD 
The CS, FS and C-site ultrasound fat and C-site ultrasound eye muscle depth were recorded for a 
group of 92 live Merino sheep in 6 months wool (45 young and 47 mature). All scores and 
measurements were done by two to four experienced assessors and repeated three times (runs) in a 
random order. Approximately 24 hr after the above measurements, the sheep were slaughtered at an 
abattoir where the tissue depth at the GR site over the 12th rib (fat + muscle) was recorded on the hot 
carcass for 89 of these sheep. This measurement was also done by two experienced assessors using 
standard GR knives and repeated three times in random order. 
RESULTS 
• All CS and FS assessors showed very high repeatability (Precision; av. correlation between runs = 
0.90 to 0.95). 
• There was no direct measure of the accuracy of CS but all assessors scored similarly with only 
very small biases between assessors. By contrast, there were considerable between assessor 
biases for the FS. Only one assessor was accurate when compared to the actual GR tissue depth 
measured in the chiller. The other three fat score assessors over estimated the tissue depth by an 
average 3 to 6 mm. 
 
• There is a strong significant relationship between CS and FS and the more objective measurements 
at the C and GR sites. Both methods could be used to predict actual GR tissue depth with an 
average erroe of 2 mm (95% confidence limit of approximately 5 mm). 
• In the original FS scale, 1 = 1 to 5 mm; 2 = 6 to 10 mm and 3 = 11 to 15 mm of actual GR tissue 
depth. However, in this experiment, the 95% confidence limits for actual GR tissue depth for FS 1 = 
1 to 5 mm; FS 2 = 3 to 13 mm and FS 3 = 5 to 15 mm.  
• There is a strong significant relationship between CS and FS. However, in the range CS of 2 to 3, 
that is considered to be critical for the management of ewes in the Lifetime Wool project, there was 
very little variation in estimated or actual GR tissue depth.  
 
Figure 1. Relationship between the only accurate fat 
score assessor (FS-2) and average condition score for 
each sheep for 4 assessors 
CONCLUSION 
We conclude that recommendations for 
management of ewe flocks should be framed in 
terms of CS targets as this offers far greater 
control than FS. On the other hand, FS should 
remain the preferred tool for helping estimate the 
yield of lean meat (%) of young sheep being sent 
to the abattoir. 
However, while a skilled operator could accurately 
estimate FS, there was sufficient variance about 
the estimates to cause significant overlap in the boundries of the fat score grids currently used by the 
industry for setting price. This issue could be addressed by replacing the current scoring system with 
training in assessing GR tissue depth in mm rather than FS as categories. Timely and accurate 
abattoir feedback on actual GR tissue depth would be an essential part of the training and ongoing 
calibration of all assessors. 
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Sheep worm control - the latest for Western 
Australia 
RG Woodgate, RA Love, E Dobbe, HM Hoult, J Pearson, S Hill, A van Burgel 
and RB Besier  
Department of Agriculture and Food Western Australia 
ABSTRACT 
The world of sheep worm control is changing as drench resistance becomes worse.  This presentation 
summarises the key points regarding sheep worm control decisions and planning for a typical Western 
Australian sheep property. This includes new work about drench timing in WA. The choice of effective 
treatments, biosecurity against resistant worms and non-chemical worm management strategies are 
also discussed. 
AIMS 
With sheep worm resistance to drenches continuing to worsen in Western Australia (WA) and the 
contribution of summer drenching to the severity of the problem (Besier et al., 2001), the Department 
of Agriculture and Food Western Australia (DAFWA) undertook a planned monitoring program on 
several properties in WA to gather information about sheep worm burdens and general, animal health 
and paddock management activities. 
METHOD 
A total of 38 properties have been involved in the monitoring activities at various times since 2001. 
These were located between Northampton, Eneabba and Moora in the north and Albany and 
Esperance in the south. Since 2004 the monitoring work has concentrated on six main properties 
(Eneabba, Northam, Narrogin, Yealering, Kojonup and Kendenup) as part of Australian Wool 
Innovation Limited’s national Integrated Parasite Management of Sheep (IPMs) Project. 
During each property visit, between 10 and 20 fresh faecal samples were collected off the ground in 
the paddock in which each mob of sheep was running. Mob details, including treatments and paddock 
history, and any other management activities that had occurred on the property since the last visit 
were also recorded.  
The faecal samples were transported to the parasitology laboratory at DAFWA in Albany and a mean 
strongyle faecal worm egg count (WEC) and larval coproculture and differentiation were completed for 
each mob. 
Weaner (born in the year of measurement) and mature (older than 2.5 years old) sheep mobs with a 
WEC in November or December 2001, 2002, 2003 or 2004, and no known treatment within 60 days 
prior to the WEC, were included in this preliminary analysis. The proportions of mobs with a mean 
strongyle WEC greater than or equal to or less than 200 eggs per gram (epg) were calculated. 
During summer 2005/2006 a faecal egg count reduction test (FECRT; Corner and Bagust, 1993) was 
also carried out on eight properties (Northam, Narrogin, two properties at Kojonup, Boyup Brook, 
Mount Barker and two at Kendenup). 
RESULTS 
Preliminary analysis of the WEC monitoring of mobs of weaner sheep revealed 4 out of 42 mobs that 
had mean WEC below 200 epg and more than 60 percent of mobs had mean WEC greater than 500 
epg. 
In mature sheep 65, 78, 77 and 87 percent of the mobs had mean WEC below 200 epg during 
November or December 2001 (n=26), 2002 (n=37), 2003 (n=35) or 2004 (n=38) respectively. 
Four properties had a mean percentage reduction of strongyles, in the FECRTs, for benzimidazole 
plus levamisole combination products less than 95 percent. Six and four properties had mean 
percentage reductions against Ostertagia for ivermectin and abamectin respectively less than 95 
percent.  Three and two of the properties had mean percentage reductions against Ostertagia for oral 
moxidectin and ivermectin plus benzimidazole and levamisole combination respectively less than 100 
percent. Abamectin plus benzimidazole and levamisole combination and closantel was the sole 
product tested that remained 100 percent effective on all properties.  
CONCLUSIONS 
Monitoring of WEC suggested the need to continue to treat weaner sheep with a single, fully effective 
summer drench in WA. 
Monitoring of WEC in mature sheep highlighted the generally low egg output from these animals at the 
time of the traditional first summer drench and hence suggested that a broad-spectrum* summer 
drench could be avoided in these sheep. Further work is investigating more detailed recommendations 
to help avoid a summer drench, including the potential costs of such a strategy. 
While based on an extremely small sample size, the levels of drench resistance measured in summer 
2005/2006 supported the current expectations of the severity of drench resistance in sheep worms in 
WA. The approaching exhaustion of effective treatment options, especially against Ostertagia, 
reaffirmed the need for the inclusion of non-chemical approaches as a key part of an overall effective 
and sustainable sheep worm control program (Woodgate, 2005a), This so-called integrated parasite 
management approach includes breeding worm-resistant sheep (Karlsson et al., 2002). Effective 
biosecurity strategies to reduce the risk of introducing worms more resistant than those currently on a 
property are also critical (Woodgate, 2005b). 
 
* NOTE: None of the monitored properties had significant levels of barber’s pole worm and so it was not possible 
to evaluate the effects of avoiding summer treatments on the control of this worm. It is strongly recommended to 
maintain current barber’s pole worm control practices if this worm is present on a property. If in doubt, seek local 
advice from a veterinarian or qualified sheep worm adviser. 
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Pastures 
Rethinking pasture production - STEPS to greater 
productivity with perennials 
Warburton, R.1; Mathwin. L.2; Rogers, D. 3; and Crossley, E. 3. 
1. Farmer, Mobrup.2. Farmer Kojonup; 3. DAFWA 
ABSTRACT 
The road to greater productivity is considered by many to be difficult and often more trouble than its 
worth.  This paper outlines the experiences of two growers who have adopted more productive and 
sustainable farming systems incorporating planned or rotational grazing and perennial pastures. Both 
producers have implemented their new farming system in an orderly, somewhat stepwise manner with 
each step building on the previous one.  The paper includes a STEP evaluation (Simulated 
Transitional Economic Planning model) of both systems against district practice.  
AIMS 
The paper documents the development of two different high productivity, sustainable farming systems 
incorporating planned grazing management and perennial pastures, and evaluates their economic 
performance over a 10 year transitional period. 
METHOD 
The two growers who supported this study - Rob and Jenny Warburton and David and Lyn Mathwin - 
had previously participated in semi structured interviews as part of a wider survey to identify attitudes, 
barriers and benefits associated with increasing adoption of perennial pastures into South West 
farming systems.  The survey results showed clearly that perennials established in a set stocked or 
standard grazing management regime did not persist, however the survey also identified significant 
barriers to the widespread adoption of rotational grazing.  Both Warburtons and Mathwins had 
identified rotational grazing as a critical element of their farming system, essential for the persistence 
of the perennial component of their pastures. Both growers were operating relatively mature farming 
systems based on rotational (planned) grazing utilizing perennials; Warburtons for 10 years, Mathwins 
for 8 years.   
Financial data was collected and a STEP (Simulated Transitional Economic Planning model) analysis 
undertaken to assess the profitability of these systems against current standard district practice.  
Assumptions used for production, costs, yields and carrying capacities for the standard practice 
models were based on Bankwest benchmarks, Gross Margins Guide and on-ground knowledge of 
industry professionals . 
RESULTS 
The genesis of each farming system was driven by slightly different goals; Mathwins’ goal was based 
mainly on ecological considerations, Warburton’s was primarily aimed at maximising farm productivity 
and secondly at farming sustainably. Though the path and drivers to their new systems were quite 
different, both systems evolved in a rational and step-wise manner. 
In both cases, benefits have included reduced erosion, reduced runoff and waterlogging, reduced 
salinity, healthier and more productive pastures, 6 -8 weeks extended green feed, automatic vitamin E 
supplement for sheep, increased biodiversity, increased stocking rate, improved amenity values and 
reduced reliance on summer and autumn supplementary feeding.  Mathwins also noted a reduction in 
input costs, increased staple strength and reduced worm egg counts.  Warburtons are able to wean 
merino lambs later in the season, allowing later lambing, and reducing the need for supplementary 
feeding for weaners during summer. 
Problems and issues both growers overcame included high establishment costs of perennial pastures, 
competitiveness of annual ryegrass and cape weed during establishment, additional initial capital 
costs associated with rotational grazing eg. fencing and water points, the requirement for new 
management practices to fit the requirements of perennials and a scarcity of professional advice 
available on managing perennials.  These issues were also identified in the survey as barriers to 
adopting rotational grazing and perennial based systems. Warburtons observed also that some sheep 
genotypes performed poorly under the high stocking rates and intense grazing pressure of rotational 
or planned grazing.  
Steps toward a more productive and sustainable farming system 
Identify a problem 
For Mathwins, the problem was mainly soil conservation related (waterlogging, erosion and salinity 
problems). Their goal is “to utilise all water that falls to prevent these problems from occurring”.  
Warburtons’ ‘problem’ was to maximise their farm productivity in order to grow his farming business in 
a sustainable way. 
Solving the problem 
Warburtons’ Steps: 
1. Introducing rotational grazing into farming system. This gave them the capacity to run larger 
mobs reducing time spent handling and feeding sheep throughout the year. Rotating the mobs 
through the growing season allowed pastures to be spelled, leading to improved pasture 
composition and density and an increased total amount of feed on offer on the property.  
There was also more surface cover protecting soils in summer. 
2.  Introducing deferred grazing. Sheep are confined in their large mobs to sacrificial paddocks 
(earmarked for cropping or pasture renovation) during the break of the season and fed a 
complete maintenance ration.  
3. Put back lambing to coincide with peak availability of spring pasture growth.  Warburtons now 
mate their sheep in March so that peak lactation demand (85% lambs down) occurs around 
the third week of August when pasture growth rates jump from around 25kg/ha/day to 40 
kg/ha/day.  
There is minimal additional cost to implementing the first three steps – including the deferred grazing - 
as the same amount of feed is used but in a more strategic manner.  
4. Increasing fertiliser applications to compensate for the increase of exports from the farm to 
maintain soil fertility and pasture productivity.   
5. Increasing annual cropping area. The stubble paddocks provide another useful feed source for 
summer, allowing an additional increase in stocking rate as the need to conserve spring grown 
feed is reduced.   
6. Introducing perennials. Initially perennials were not the driving motivation for Warburtons 
system, they were the backstop.  They extend the green feed season, reducing the risks 
associated with later lambing and providing greater nutritional value for younger stock through 
the summer and autumn months. They start growing well before annual pasture species, 
especially if summer rain has fallen, minimising the period of deferred grazing and costs of 
confinement feeding. Later it was found that they provide better quality feed through the winter 
as they are able to access nutrients from deeper in the soil not available to annuals.  Perennial 
pastures allow the Warburton’s to “push all the limits of high stocking rate grazing”; they also 
make soils more resistant to soil compaction and absorb water at a greater rate, increasing 
organic matter and overall soil health. 
Implementing each step resulted in an increase in carrying capacity.  These steps have enabled the 
Warburtons to increase their winter grazed stocking rate from 10 to 17 DSE / ha.  
For the Mathwins: 
1. Introduce planned rotational grazing to improve pasture quality and protect the soil resource at 
the same time. Removing the grazing pressure from the pastures in a planned manner 
ensures a good cover throughout the year.   
2. Introduce cattle to utilise the extra pasture and increase species biodiversity. Cattle graze 
differently to sheep and can be used to create a break in the worm cycle for sheep.  
3. Introduce perennial pasture plants to use out of season rainfall, increase soil water holding 
capacity and reduce waterlogging, runoff and salinity. 
Mathwins have increased there carrying capacity from 8 to 12 DSE / ha while maintaining excellent 
ground cover and achieving the other environmental outcomes targeted. 
STEP analysis 
Simulated Transitional Economic Planning model (STEP) is a whole of farm economic assessment 
model.  We ran the model for each property over a 10 year period to arrive at a 10 year cumulative 
position generated from cumulative annual farm surpluses; results are shown in Tables 1 and 2.  Key 
assumptions were annual interest on investment at 6%; initial working debt of $0.00, and tax 
calculated at 30% of taxable income.  Final cumulative position was discounted at 7% back to net 
present value (NPV), all costs were increased by 3%/year and all returns increased by 2%/year to 
simulate terms of trade.  A full description of other assumptions can be seen in Tables 3.1, 3.2, 4.1, 
4.2  and 5. 
Table 1:  Enterprise mix and farm profit for Warburtons’ farm in their current system and as modelled 
as standard practice. 
 Warburton Farm Current 
Management with Rotational 
Grazing 
Warburton Farm modelled with 
standard district practice. 
Farm Size (ha arable) 1280 1280 
Average Area of Pasture (ha, 
% of farm) 
756(59%) 890 (70%) 
Average area of Crop (ha, % 
of farm) 
524 ha (41%) 390 (30%) 
Carrying capacity winter 
grazed DSE per ha 
17 10 
Discounted 10 year cumulative 
financial position  
$1 811 000 $1 145 000 
% Improvement of 
Warburtons’ Rotational 
Grazing system over Current 
standard practice over 10 
years 
37% increase in profit   
The results of the modelling for Warburtons’ (Table 1) indicates that under a more intensive and yet 
more environmentally sustainable system, large increases in profit can be achieved above standard 
practice.  This system is achieving higher production and still maintaining good ground cover through 
summer reducing the risk of erosion and increasing water use. 
Mathwin’s system is much more relaxed and less intensive than the Warburtons’ system; the focus is 
on sustainable farming and easy paced lifestyle.  The result of modelling indicates that under their 
rotational grazing system they are slightly more profitable than current standard practice (Table 2), and 
they also achieve their environmental and lifestyle outcomes.  
Table 2:  Enterprise mix and farm profit for Mathwin’s farm in their current system and as modelled as 
standard practice. 
 
 
Mathwin Farm Current 
Management with Rotational 
Grazing 
Mathwin Farm modelled with 
standard district practice. 
Farm Size (ha arable) 735  735   
Average Area of Pasture (ha, 
% of farm) 
606 (82%) 470 (64%) 
Average area of Crop (ha, % 
of farm) 
129 (18%) 265 (36%) 
Carrying Capacity winter 
grazed DSE per ha 
12  9  
Discounted 10 year cumulative 
financial position  
$ 762 000 $ 658 000 
% Improvement of Mathwin’s 
Planned Rotational Grazing 
system over Current standard 
practice 
14% increase in profit.  
Table 3.1:  Cropping and pasture input assumptions utilized in the model for Warburtons’ current 
system and standard practice. 
Enterprise Wheat Barley Canola Pasture 
 Warburton SP Warburton SP Warburton SP Warburton SP 
Yield ($/t) 3.5 2.8 3.5 2.8 2 1.8   
Price ($/t) 150 150 148 148 298 298   
DSE/ha winter 
grazed 
      17 10 
Fertiliser ($/ha) 110 95 110 87 110 101 35 20 
Sprays ($/ha) 70 35 70 35 70 74 5 5 
Fuel/oil grease 
($/ha) 
30 25 30 27 30 24 5 5 
Repairs ($/ha) 25 24 26 26 25 25 2 2 
Crop ins. ($/ha) 6 2.5 6 2.5 6 2.5   
Seed / treatment 
($/ha) 
17 17 17 17 16 16   
Contractor ($/ha) 3 2 3 2 3 25   
 
CONCLUSION 
Based on the Warburtons’ and Mathwin’s case studies, the STEP modelling results indicate that 
rotational grazing systems can be more profitable than current standard district practice even when 
practised at relatively low intensity. Adoption of the system requires a new approach to achieving 
management objectives that may not be obtainable in a conventional annual based pasture system 
relying on set stocking. 
Both Warburtons and Mathwins acknowledge that more work can be done to improve the composition 
of pastures, trialling different species to provide more options for pastures that respond better to 
rotational grazing.  Both producers continue to expand the area sown to perennial pastures; ultimately 
Warburtons envisage about 30-40% of the property under permanent perennial pasture and Mathwins 
hope to have 90 to 100%. 
Table 3.2 Livestock assumptions in the model for Warburton’s current system and standard practice. 
 Ewes Weathers Lambs 
 Warburton SP Warburton SP Warburton SP 
Sale Price ($/hd) 40 40 65 65 45 45 
Kg wool cut /hd 4.8 5.5 5 6 2.5 3.5 
Price / Kg wool 4.70 4.70 4.70 4.70 4.70 4.70 
Lambing % Older ewes 100% 85%     
Lambing % Maiden ewes 60% 75%     
Vet Costs $/ hd 0.75 0.65 0.75 0.65 2.00 2.00 
Shearing Costs $/hd 4.55 4.55 4.55 4.55 4.55 4.55 
Table 4.1:  Cropping and pasture input assumptions utilized in the model for Mathwins’ current system 
and standard practice. 
Enterprise Wheat Barley Canola Pasture 
 Mathwin SP Mathwin SP Mathwin SP Mathwin SP 
Yield ($/t) 1.5 2 3.5 3 2 1.8   
Price ($/t) 150 150 148 148 298 298   
DSE/ha winter grazed       12 9 
Fertiliser ($/ha) 57 57 57 57 77 77 20 20 
Sprays ($/ha) 25.5 25.5 25.5 25.5 25.5 25.5 0 5 
Fuel/oil grease ($/ha) 15 15 15 15 15 15 2 5 
Repairs ($/ha) 5 5 5 5 5 5 2 2 
Crop ins. ($/ha) 3 3 3 3 3 3   
Seed / treatment 
($/ha) 
16 16 16 16 12 12   
Contractor ($/ha) 2 2 0 0 0 0   
Table 4.2 Livestock assumptions in the model for Mathwins’ current system and standard practice. 
 Ewes Weathers Lambs 
 Mathwin SP Mathwin SP Mathwin SP 
Sale Price ($/hd) 40 40 65 65 45 45 
Kg wool cut /hd 4.5 4.5 5 5 4.5 4.5 
Price / Kg wool 5.30 5.30 5.30 5.30 5.30 5.30 
Lambing % Older ewes 85% 85%     
Lambing % Maiden ewes 85% 75%     
Vet Costs $/ hd 0.65 0.65 0.65 0.65 1.5 1.5 
Shearing Costs $/hd 3.40 3.40 3.40 3.40 3.40 3.40 
Table 5: Other assumptions 
 Mathwins’ Property Warburton’s Property 
 Current Sys Standard Pra Current Sys Standard Pra 
Summer Fodder Costs $1 800 $11 000 $15 000 $23 000 
Annual Depreciation on Plant $8 000 $16 000 $40 000 $20 000 
Interest Repayment on Loans 
on Plant 
$4 000 $8 000 $20 000 $10 000 
Principle Repayment on Loans 
on Plant 
$4 000 $8 000 $20 000 $10 000 
Capital Development (Crops) $4 000 $7 950 $15 720 $11 730 
Capital Development (Stock) $18 000 $9 960 $26 560 $21 104 
Personal Drawings $50 000 $50 000 $60 000 $60 000 
Additional Labour   $50 000 $50 000 
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Sheep Returns from Saltland Pastures 
Allan Herbert, Senior Adviser, WA Department of Agriculture and Food 
ABSTRACT 
Salt-affected land in WA agricultural areas is a potentially large resource if managed for livestock 
grazing.  14 case study ‘Producer Network’ sites in the WA wheatbelt were established with improved 
salt-tolerant pastures during 2002 to 2005 under the Sustainable Grazing on Saline Land (SGSL) 
project.  Average cost of establishment was $277/ha with a range of $100/ha up to $700/ha.  
Investment analysis indicates that grazing returns are expected to pay for the initial investment inside 
10 years for 8 of the sites – with a range of 3 years to over 20 years depending on site characteristics, 
the cost of establishment, and management intentions for the site.  
AIMS 
To provide guidance on the financial implications for farmers of saltland pasture development options.  
The 2 main questions by farmers when confronting their saltland pasture management options are – 
“What is it going to cost?” and “How much will I get back for it?” 
METHOD 
Under the Producer Network component of SGSL, 69 sites in Western Australia were subsidised to 
assist interested farmer groups to explore options for managing salt-affected land.  26 sites were 
visited by the author with 14 providing reasonable data for analysis.  Sites included in the analysis 
were located at Wubin, Morawa, Moora, Ballidu, Bonnie Rock, Koorda, Trayning, Dowerin, Quairading, 
Corrigin, Katanning, and Tambellup.  Establishment techniques varied from hand-spreading pasture 
seed onto lightly cultivated soil to machine-planted close-spaced saltbush seedlings with a tree 
planter.  Sites chosen for demonstration included the very hostile ‘samphire’ land ranging up through 
the moderately affected ‘barley grass’ zone to the more slightly affected ‘crops at risk’ type of land.  All 
sites were based on saltbush with or without various mixes of annual and/or perennial legumes and/or 
grasses. 
Establishment costs 
All the cash costs of establishment were collected.  Unfortunately, there had been high failure rates 
from the late winter plantings due to a run of abnormally dry spring conditions.  However, the costs of 
replanting were included as legitimate costs to systems where pastures are being introduced into 
unfavourable situations.  Any subsidy was disregarded.  The farmer’s labour cost was not included. 
Costs of fencing and water supplies were also documented.  These costs were somewhat inflated due 
to the demonstration nature of the (small) sites and their location in the landscape.  Farmers managing 
their saltland in a normal commercial context could be expected to get these costs down considerably. 
Nevertheless, these infrastructure costs are an important component of the saltland grazing system 
and should be budgeted in any development plan. 
Grazing returns 
All sites were aimed at autumn grazing – to supplement stock during the period of lowest feed supply 
and to reduce the normal cost of supplementary feeding.  However, most sites were still in the 
establishment and consolidation phase and hence there was little production information.  
Documentation of grazing returns was limited to sheep grazing days – numbers of sheep for a number 
of days. (The other ‘research’ component of SGSL is gathering more sophisticated performance data 
from study sites at Tammin, Yealering, and Pingaring).  Nevertheless, some reasonable estimates of 
possible grazing returns were made by associating similar sites.  These were placed into a 10-year 
cash flow analysis framework (discounted at 7%) from which benefit:cost ratio and years taken to 
recover costs of establishment were calculated.  Sensitivity analysis was done on the various 
assumptions (results not shown). The opportunity cost was set at zero – most farmers said that 
production from the site was neglible prior to the improvement program and the land had been 
abandoned. The value of a sheep grazing day was assumed to be 10 cents.  This is based on the 
approximate equivalent cost per day to feed a maintenance ration to an adult dry sheep at current 
feed prices – e.g. 4.1 kg grain + 1 kg hay per week. 
RESULTS 
Site conditions and purpose of establishment need to be understood to interprete the results.  The 
pasture species (mix) chosen and methods of establishment will vary with specifications of the site.  
The following Table 1 summarises analysis outcomes for each of the sites. 
Table 1: Costs and returns for 14 WA wheatbelt saltland sites. 
Location Area Establishment 
Cost* ($/ha) 
Assumed Grazing days 
per ha per year 
Years to 
payoff 
Benefit:Cost 
Ratio 
Koorda 4 ha $305 400 > 20 0.50 
Dowerin 35 ha $195 850 5 1.81 
Quairading 1 38 ha $151 1000 5 2.03 
Quairading 2 9 ha $352 900 11 0.85 
Bonnie Rock 33 ha $73 400 4 1.54 
Morawa 5 ha $717 800 > 20 0.38 
Ballidu 41 ha $159 500 7 2.48 
Moora 30 ha $103 850 4 2.68 
Tambellup 19 ha $280 800 6 1.32 
Katanning 40 ha $305 800 7 1.29 
Wubin 35 ha $298 400 > 20 0.44 
Corrigin 20 ha $145 800 3 2.70 
Trayning 14 ha $514 140** > 20 0.20 
* Excludes the costs of fencing and water supplies. 
** The Trayning site was grazed with cattle – close-spaced saltbush supplemented with barley straw. 
Eight of the 14 sites have a BCR greater than 1 indicating a worthwhile investment and will pay off the 
investment cost in under 10 years.The less profitable sites either had high costs (e.g. re-establishment 
after failures) and/or inappropriate establishment techniques and/or wrong species mixes. It is 
expected from the ‘trial’ nature of the sites. 
A wheel-type ready reckoner ‘$ Investment in Saltland Pastures’ was developed to allow potential 
investments in saltland to be assessed for possible profitability.  Copies are available from the author. 
CONCLUSION 
The analysis provides encouragement that, where appropriate pasture improvement is done, there is a 
good chance of retrieving those investment costs in a reasonable period.  The cost of establishment 
compares favourably with the purchase price of additional pasture land. 
Farmer experience suggests that once the area of improved saltland pastures increases, it impacts 
more widely on the whole farming system.  Modelling indicates that whole-farm profitability can 
increase through combinations of more sheep being carried on the farm, autumn deferment of 
pastures improving carrying capacity, and even creating the opportunity for more crop – as well as 
reductions in costs of autumn hand-feeding. 
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Pasture legumes and grasses for saline land 
Phil Nichols1,2, Tony Albertsen1,2 and Darryl McClements1,2  
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2Cooperative Research Centre for Plant-based Management of Dryland Salinity 
ABSTRACT 
Research over the past 3 years has confirmed the best perennial grass options for saline land are 
puccinellia on waterlogged soils and tall wheat grass on better drained soils.  Balansa and Persian 
clovers are the most waterlogging tolerant annual legumes but have little salt tolerance, often resulting 
in poor persistence.  Scimitar and Cavalier burr medics, on the other hand, are more salt tolerant and 
very productive, but are not as waterlogging tolerant.  There are no perennial legume cultivars adapted 
to Western Australia with tolerance to both salinity and waterlogging.  Pasture mixtures are 
recommended to take account of the heterogeneity of saline land for waterlogging and salinity.   
AIM 
To measure herbage production of a range of commercial and experimental pasture legumes and 
grasses in saline and waterlogged environments of Western Australia. 
METHOD 
Three sites in Western Australia with differing surface salinity and waterlogging levels were sown:   
Tammin with moderate salinity and low waterlogging, Cranbrook with mild salinity and high 
waterlogging and Duranillin with moderate salinity and high waterlogging (Table 1).  Annual legumes 
numbered 32 at Tammin and Duranillin and 14 at Cranbrook, while each site contained 10 perennial 
legumes and 8 perennial grasses.  Entries were replicated five times and sowing rates were 10 kg/ha.  
Plots were adequately fertilised.  Standard herbicides and insecticides were applied where necessary.  
Trials were not defoliated during growing seasons but grazed by sheep over summer. 
Peak biomass production, measured in the spring of each year, is used in this paper as the primary 
measure of site adaptation.  Total plot biomass was estimated by a visual rating from 0-400, which 
was calibrated with 15 oven-dried herbage cuts.  This value was then multiplied by a visual estimate of 
the sown variety proportion in each plot to give an estimate of sown variety biomass.  Only the results 
for commercially available pasture cultivars are considered in this paper.   
Table 1. Site details for Tammin, Duranillin and Cranbrook 
Site Annual 
rainfall (mm) 
Soil 
pHCaCl 
Soil texture EC1:5 
(mS/m)* 
Waterlogging Year 
sown 
Plot size 
Tammin 350 6.5 Sandy clay loam 70 Low 2003 2 m x 1 m 
Duranillin 525 5.6 Sandy loam 75 High 2003 2 m x 1 m 
Cranbrook 525 5.5 Sandy clay loam 45 High 2004 5 m x 2 m 
*Values in winter. Salinity levels, particularly at Duranillin were much higher in summer-autumn 
RESULTS 
Relative variety performance differed between sites and between years within sites (Table 2), 
indicating susceptibility differences to both salinity and waterlogging.  Of the annual legumes, Frontier 
and Paradana balansa clovers, Scimitar and Cavalier burr medics and Prolific Persian clover 
performed well at Tammin in Year 1.  In subsequent years Scimitar and Cavalier performed well, while 
the balansa and Persian clovers were disappointing.  At Cranbrook all annual legumes performed well, 
particularly in Year 2, with Frontier being the outstanding performer in both years.  At Duranillin the 
balansa clovers performed well in Year 1, but all annual legumes performed extremely poorly in 
subsequent years.  Of note was the establishment failure of the least tolerant varieties to salinity.  The 
perennial legumes failed to establish at Duranillin and failed to persist at Tammin.  However, at 
Cranbrook Palestine strawberry clover was very productive in Year 2, indicating good waterlogging 
tolerance in the presence of low salinity stress. 
Puccinellia was the only grass to perform at Duranillin.  Its production was low in Year 1 but plots 
continued to thicken thereafter.  Dundas and Tyrell tall wheat grass were the only varieties to persist 
into Year 3 at Tammin, while grass persistence was poor at Cranbrook.  It is likely that production of all 
grasses would have been greater at Tammin and Cranbrook with better annual ryegrass control.   
Table 2.  Peak annual biomass (kg/ha) of pasture cultivars at Tammin, Duranillin and Cranbrook. 
Species Variety Tammin Duranillin Cranbrook 
  2003 2004 2005 2003 2004 2005 2004 2005 
Annual legumes          
Medicago polymorpha Scimitar 741 2491 2369 606 11 0 4101 5549 
Medicago polymorpha Cavalier 834 1759 2012 759 22 3 3087 3995 
Medicago scutellata Sava 319 931 341 0 0 0   
Medicago truncatula Caliph 516 1350 1244 194 0 0   
Trifolium glanduliferum Prima 369 0 0 0 0 0   
Trifolium michelianum Frontier 818 402 434 943 12 0 5010 7683 
Trifolium michelianum Paradana 1096 235 302 2456 18 1   
Trifolium resupinatum Prolific 692 57 0 1438 48 2 3106 5131 
Trifolium resupinatum Nitro Plus 265 9 0 20 9 0 3387 3666 
Trifolium subterraneum Dalkeith 97 189 109 0 0 0   
Trifolium subterraneum 
(yanninicum) 
Trikkala 218 13 0 94 0 0 554 2750 
Significance levela  *** *** *** *** *** ns *** *** 
lsd  381 539 484 791 42  1164 1992 
Perennial legumes          
Medicago sativa Sceptre 564 51 18 0 0 0   
Medicago sativa Salado 293 26 0 98 0 0 933 140 
Trifolium fragiferum Palestine 424 0 0 0 0 0 965 3294 
Significance levela  *** ns ns *** ns ns *** *** 
lsd  198   182   221 493 
C3 perennial grasses          
Phalaris aquatica Sirolan 340 35 21 200 0 0 1026 179 
Puccinellia ciliata Menemen 67 352 86 108 460 988 247 125 
Thinopyrum ponticum Dundas 234 134 227 525 61 67 192 189 
Thinopyrum ponticum Tyrell 130 135 259 485 69 102 333 267 
Significance levela  * ** ** *** *** *** *** * 
lsd  134 169 177 217 119 147 263 195 
a *** P < 0.001, ** P < 0.01, * P < 0.05, ns not significant 
CONCLUSIONS 
These results confirm the conclusions of Barrett-Lennard (2003). Puccinellia is the best pasture option 
for saline waterlogged soils, while tall wheat grass can be productive on better drained soils.  Balansa 
and Persian clovers have high waterlogging tolerance but low salinity tolerance, while burr medics 
have greater salinity tolerance but are susceptible to waterlogging.  There are no perennial legume 
cultivars adapted to Western Australia with tolerance to both salinity and waterlogging.  The 
heterogeneity of saline land for salinity and waterlogging indicates the need to use pasture mixtures.  
There appear to be good prospects for development of improved cultivars for saline land. 
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Towards ‘clean, green and ethical’ sheep production 
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INTRODUCTION 
Animal industries around the world are being challenged by changing attitudes in consumers that are 
having an impact in the marketplace: there is an increasing demand for products that are “clean, green 
and ethical”. What do these three words signify? 
Clean 
We should look for practices in the industry where drugs, chemicals and hormones are used, and try 
to find ways to reduce the usage and, perhaps, eliminate it. There is little doubt that, in general, this 
demand is driven by market forces that are not themselves generated by scientific argument – 
hormonal treatments rarely leave residues, especially after withholding periods, and it is relatively easy 
to demonstrate that products from animals that have not been treated with exogenous hormones can 
contain significant amounts of the same hormone. The positive aspect of the demand for “clean” 
products is that the demand comes from modern, high-priced markets where farmers can make large 
profits (eg, the market for “organic” products). 
Green 
We should minimise the impact of the industry on the environment so it is more sustainable for the 
long-term future. On farms, the most important issues are the production of greenhouse gases by 
ruminants, the production of animal waste (especially for feedlots), and the excessive use of fertilisers 
to generate animal feeds. This also applies to the allied industries … those that participate in the 
processing of the products from the farm (eg, transport, abattoirs, processors). If we can say that our 
industry is “green”, it will help with the marketing in highly developed economies and, at the same 
time, guarantee the long-term future of the industry. 
Ethical 
‘Animal welfare’ is a major concern for all industries that are working in sophisticated markets, where 
the consumers expect their products to be derived from animals that have been managed 
sympathetically. This can be a complex issue because, by avoiding the use of antibiotics, for 
example, we may compromise the welfare of the animals. In addition, the application of ethical 
judgement needs to be broader than animal welfare: as well as practices in animal management on 
farms, it should include ‘clean’ and ‘green’ aspects of the transport, manufacturing and processing 
sectors – the processing, packaging and marketing of the products. 
CASE STUDY: REPRODUCTION IN MERINO SHEEP 
The productivity and profitability of our sheepmeat industry effectively depends on reproductive 
performance. We can greatly improve reproductive output with exogenous hormone regimens or highlevel 
reproductive technology and molecular genetics. These technologies are remarkable and 
effective, but we need to find alternatives so we can cope with the changes in consumer sentiment. In 
addition, these technologies have little direct, short-term benefit in the extensive management systems 
that typify the Australian industry. 
At the University of WA, we have chosen to concentrate on the natural control systems that the 
animals themselves use to cope with environmental challenges and ensure reproductive success. 
Most important here are inputs from the external environment: photoperiod, socio-sexual stimuli and 
nutrition. Most reproductive responses to environmental factors are coordinated at brain level where 
all external and internal inputs ultimately converge into a common pathway that controls the secretion 
of gonadotrophin-releasing hormone (GnRH). This hormone is the ultimate controller of the 
reproductive system of all animals. 
This mix of endogenous inputs into the control of the reproductive system provides us with three major 
opportunities for management of reproductive efficiency: 
1) To control the timing of reproductive events, we can use the ‘ram effect’ (or ‘teasing’) to induce 
synchronised ovulation in ewes that would otherwise be anovulatory; this allows for short mating 
periods and concentrated lambings and opens up a wide range of management possibilities, including 
tightly-focussed supplementary feeding and strategies for reducing lamb mortality; 
2) In ‘focus feeding’, we can use the responses of the ewe to nutrition to design supplements that are 
aimed precisely and specifically at each individual event in the reproductive process, such as egg 
production, embryo survival, and colostrum production; 
3) To maximise the survival and development of the new-born, we can use a mix of environmental 
management, nutrition and genetic selection: 
a) Nutritional input – feeding a high energy supplement for the last week of pregnancy can double 
colostrum production; this is most important for Merino ewes carrying twins; 
b) Genetic selection for ‘calm temperament’ – improving the temperament of ewes will increase lamb 
survival; 
c) Better management practices at birth – to improve the survival of the new-born lambs, it is important 
to provide a calm environment, and shelter, feed and water close to the birth site. This is increases 
the amount of time spent at the birth site and therefore improves the development of the mother-young 
bond. 
Ultrasound 
Skilled operators with modern instruments can identify dries, single-bearing and multiple-bearing 
ewes, allowing the use of specific strategies to manage their nutritional requirements. In addition, 
accurate estimation of the age of a fetus will allow the use of precisely timed nutritional supplements 
during pregnancy. 
CONCLUSION 
For farmers, ‘clean, green and ethical’ production need not be difficult because, as we work towards a 
better understanding of the physiology and behaviour of our farm animals, we can improve productivity 
and profitability and, simultaneously, promote a modern image. Understanding the reproductive 
responses of animals to factors such as photoperiod, nutrition, socio-sexual signals and stressors, can 
help us develop ‘natural systems’ as replacements for exogenous hormones and drugs for controlling 
and improving the productivity of our sheep. 
In addition, we can easily genetically improve our animals (eg, ovulation rate, calm temperament) to 
greatly improve many aspects of their productivity. The use of such ‘clean, green and ethical’ tools in 
the management of our sheep flocks can be cost-effective and improve profits, at the same time 
greatly improving the image of our industries in society and the marketplace. All we need is a little more research and 
development. 
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